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(54) HOT WORKING METHOD OF TIAL BASE INTERMETALUC COMPOUND 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain complicates shape of products without generating cracks with high 
producing efficiency by for forging a TiAl base intermetallic compound under the range of a specified 
temperature and a strain rate. 

SOLUTION: The TiAl base intermetallic compound is coated with a sheath and hot forged at >1000° C and 
at the strain rate of 10-1 to 50s-1. The sheath is made of Ti, a Ti alloy or steel and specified to be >1mm in 
thickness. Also, oxide or ceramics where reactivity with the TiAl based intermetallic compound is low and 
thermally stable is inserted between the TiAl base intermetallic compound and the sheath, and hot forging is 
executed. The TiAl base intermetallic compound is easily taken out of the sheath after hot forging by 
inserting oxide or nitride. In order to prevent the reaction between the TiAl base intermetallic compound and 
the sheath during hot working, oxide of CaO, AI203, Zr02 or the like and nitride of BN or the like are used. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A hot-working method of a compound between TiAl basic metal covering a compound between TiAl 
basic metal with a sheath, and carrying out hot forging with a strain rate of not less than 1000 ** and 10 1 

- 50 s" 1 . 

[Claim 2]A hot-working method of a compound between TiAl basic metal according to claim 1 a compound 
between said TiAl basic metal contains Cr. 

[Claim 3]A hot-working method of a compound between TiAl basic metal according to claim 1 or 2 said 
sheath consists of Ti, a Ti alloy, or steel materials, and thickness is more than 1 mm. 

[Claim 4]A hot-working method of a compound between TiAl basic metal according to claim 1 , 2, or 3 which 
reactivity with a compound between TiAl basic metal is low between a compound between said TiAl basic 
metal, and said sheath, and a stable oxide or ceramics is made to be thermally placed between them, and 
carries out hot forging. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the hot-working method of the compound between TiAl 
basic metal. 

[0002]The compound between TiAl basic metal concerning this invention is used for an airplane, a space 
shuttle and the member as which high specific strength and abrasion resistance, or heat resistance is 
required in a car and others, for example, a turbine blade, an engine valve, etc. 
[0003] 

[Description of the Prior Art]As for the member which exercises at high speed, for example, the material 
used for a turbine blade or an engine valve, it is desirable for heat resistance and specific strength to be 
high. If heat resistance and specific strength are high, it will become lightweight [ these members used at an 
elevated temperature ], and the thermal efficiency of a turbine, an engine, etc. will improve. Since titanium 
aluminide has high specific strength and heat resistance, it attracts attention as a material of these 
members. However, lack of a room temperature and the deformability in an elevated temperature and 
difficulty cutting ability pose a problem of a material manufacturing process. 

[0004]Conventionally, the homoiothermal forging method currently indicated by JP,63-1 71862.A as a 
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hot-working method of the compound between TiAl basic metal is known. This method is a method of 
preventing a crack, by processing it with a comparatively late strain rate, after holding not only a sample but 
the dice for processing to an 800-1 100 ** elevated temperature. In JP,2-224803,A, the hot-working method 
which used the homoiothermal rolling method performed under the conditions of the low distortion speed of 
the temperature of 900-1 150 **, 10 2 - 10 ~ 4 S~ 1 under a vacuum (below 10 ~ 2 Torr) or an inert gas 
atmosphere is indicated. Also in which processing method, it is an elevated temperature, and since it is 
processed at constant temperature, elevated-temperature maintenance of a dice or a reduction roll, 
antioxidizing of a raw material, and the prevention from a reaction with a raw material, and a dice and a 
reduction roll are needed. Since the equipment for a control atmosphere and a temperature control was 
needed along with it, the whole processing device was large-sized. 

[0005]The method of performing hot working to JP, 61 -21 3361, A using the sheath which covers the 
circumference of a raw material as an invention which cancels the above-mentioned problem is indicated. 
As a result of processing it above 1000 **, using the heat-resistant alloy of nickel system, Co system, or a 
Fe-nickel system as a sheath, the raw material is fabricated by this method to about 50% of working ratio, 
without oxidizing. JP,3-1 97630,A is indicating the hot-working method using the Ti alloy near the 
deformation resistance of TiAl as a sheath material. As a result of using a sheath material as a Ti alloy, 
shaping is possible to the working ratio of 60% which did not break and was not able to process hot working 
of TiAl with the above-mentioned sheath. In JP,8-238503,A, the compound between TiAl basic metal is 
covered with the sheath of steel, and not less than 900 **, the temperature region below solidus 
temperature, and the hot-working method of the compound between TiAl basic metal which carries out hot 
working with a strain rate later than 50 s" 1 are indicated. Hot working in the gazette is hot-rolled. 
[0006] 

[Problem(s) to be Solved by the Invention]The hot-working method of above-mentioned JP,8-238503,A 
hot-rolls the compound between TiAl basic metal covered with the sheath at the temperature of not less 
than 900 **. Therefore, depending on rolling temperature, rolling reduction, or rolling speed, defects of shape, 
such as a crack and surface wrinkles, may occur to the compound between TiAl basic metal during rolling. 
Since it is rolling, the shape of processed goods is restricted to long pictures, such as a stick, a pipe, a board, 
and a profile, and easy shape. In hot-rolling, when enclosing TiAl with a sheath, it is necessary to carry out 
sealweld of the sheath opening. Therefore, the rate of productivity is low. 

[0007]An object of this invention is to provide the hot-working method of the compound between TiAl basic 
metal for the ability to obtain complicated-shaped processed goods at the high rate of productivity, without 
defects, such as a crack, occurring. 
[0008] 

[Means for Solving the Problem]A hot-working method of a compound between TiAl basic metal of this 
invention is characterized by covering a compound between TiAl basic metal with a sheath, and carrying out 
hot forging with a strain rate of not less than 1000 ** and 10 1 - 50 s H . 

[0009]Forging conditions are uniquely decided by the high-temperature-deformation characteristic of TiAl. 
Temperature at the time of a forge was not less than 1000 ** because there was a possibility that 
deformability of TiAl may fall remarkably at low temperature, and a crack may occur from it to a compound 
between TiAl basic metal. Since the liquid phase appears and a forge becomes impossible when forging 
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temperature exceeds solidus temperature, a maximum of forging temperature is solidus temperature. Floor 
to floor time becomes it long that a strain rate is less than 10 "V 1 , temperature of work tools, such as 
material and a metallic mold, falls, it becomes easy to generate a crack and a rate of productivity falls. On 
the contrary, if a strain rate exceeds 50 s"\ working speed becomes high, it is easy to generate a crack, and 
a healthy Plastic solid cannot be produced. 

[0010]According to this invention, hot working of the compound between TiAl basic metal can be carried out, 
without generating defects, such as a crack of material. By using work tools, such as a metallic mold, 
complicated-shaped processed goods can be obtained for high productivity. 

[001 1]In a hot-working method of the above-mentioned compound between TiAl basic metal, one mode of 
this invention is that a compound between said TiAl basic metal contains Cr. A crack becomes difficult to 
generate a compound between TiAl basic metal by including Cr at the time of the increase of ductility, and a 
forge. 

[0012]Said sheath consists of Ti, a Ti alloy, or steel materials, and thickness of other modes of this 
invention is more than 1 mm. A heat transfer amount to a tool which lets a sheath of a compound between 
TiAl basic metal pass as thickness of a sheath is less than 1 mm is large, and temperature of a compound 
between TiAl basic metal falls, and it becomes easy to generate a crack. 

[001 3]A mode of further others of this invention has low reactivity with a compound between TiAl basic 
metal between a compound between said TiAl basic metal, and a sheath, and is inserting and carrying out 
hot forging of a stable oxide or ceramics thermally. By inserting an oxide or ceramics, a compound between 
TiAl basic metal can be easily picked out from a sheath after hot forging. 
[0014] 

[Embodiment of the Invention]The hot-working method of the compound between TiAl basic metal of this 
invention covers the compound between TiAl basic metal with a sheath, and carries out hot forging with the 
strain rate of not less than 1000 ** and 10 1 - 50 s" 1 . 

[0015]In the describing [ above ] hot-working method, the chemical composition of the compound between 
TiAl basic metal is remainder inevitable impurities aluminum38 - 51.5at% Ti47.5 - 55at%. The 
below-mentioned element which had a high-temperature-deformation ability improved effect in the 
above-mentioned chemical composition may be added. In order to perform hot forging by the high strain 
rate and a high forge ratio, and to lower the deformation resistance of TiAl, it is desirable to perform hot 
working for the uniform minuteness making of a crystal grain as the preceding paragraph of hot forging. As 
the above-mentioned hot working, a homoiothermal forge is performed, for example above 900 **. What is 
necessary is just to make it what contains at least one beta stabilizers of Cr, Nb, Mo, Hf, Ta, W, and V which 
have an effect in the improvement in high-temperature-deformation ability as a component system of the 
compound between TiAl basic metal, in order to improve a working characteristic. A forge can be performed 
in atmospheric air and they may be any of free forging and a die forging. Since a forge may be divided into 
multiple times, and may be performed and the temperature of material falls during a forge in that case, 
material is reheated to predetermined forging temperature on the way. Most generating of a crack is lost as 
forging temperature is not less than 1000 **. Productivity can be raised, if forging temperature is made high 
(for example, not less than 1200 **) and a strain rate is enlarged (for example, 1 - 50 s~ 1 ). About 1 time of 
working ratio, it is preferred to consider it as not less than 30%. The reason is because a processing 
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modification organization's remaining in a construction material side, and becoming uneven and productivity 
worsen at less than 30%. 

[0016]As for the content when the compound between TiAl basic metal contains Cr, it is desirable that it is 
1 - 5at%. A crack preventive effect becomes it small that the content of Cr is less than [ 1at% ]. If the 
content of Cr exceeds 5at%, a material cost will become high and a crack preventive effect will not go up so 
much. 

[0017]Ti, a Ti alloy, or steel is used as a sheath material. A Ti alloy is Ti-6alurninum-4V and 
Ti~1 5V-3aluminum-3Cr-3Sn etc., and steel is carbon steel, alloy steel, stainless steel, etc. When sheaths 
are steel materials, there is a problem that deformation resistance is low, compared with the heat-resistant 
alloy conventionally used by the pyrosphere to forge. That is, in the same temperature conditions, since the 
sheath material of deformation resistance is lower, TiAl of a sheath and an inside will transform only the 
direction of a sheath material. What is necessary is just to adjust the temperature distribution in a sheath so 
that the deformation resistance of internal TiAl and an external sheath material may become equal for 
solving this. The temperature distribution in a sheath can be searched for by a thermal rating. The 
parameters of a thermal rating are the specific heat of a sheath material, density, the property value of 
thermal conductivity, forging temperature, a strain rate, the thickness of a sheath, the thickness of TiAl, a 
die temperature, etc. These parameters can be adjusted and TiAl can be fabricated by managing the 
temperature distribution in a sheath material so that deformation resistance of a sheath material and 
deformation resistance of internal TiAl may be made equal with a sheath. Since the environment of hot 
forging is among the atmosphere as a kind of steel materials, it is desirable to use the stainless steel which 
is excellent in oxidation resistance also in steel materials. 

[001 8]The raw material set by the target shape, such as tabular, rod form, or block like shape, is used for the 
raw material with which hot forging is presented. For example, what is necessary is just for the upper and 
lower sides of the tabular compound between TiAl basic metal to pinch a sheath material in a tabular case. 
When cylindrical, the cylindrical compound between TiAl basic metal is inserted in a tubular sheath material, 
and a sheath material is pinched between the metallic mold of both ends, the hitting field, and a metallic 
mold face. 

[0019]In order to prevent the reaction between the compound between TiAl basic metal under hot working, 
and a sheath, nitrides, such as oxides, such as CaO, aluminum 2 0 3 , and Zr0 2 , and BN, are used. In order to 
make an oxide or ceramics intervene, these materials are inserted between the compound between TiAl 
basic metal, and a sheath, or an oxide is formed on the surface of TiAl. These materials cannot react to TiAl 
easily, and since it is chemically stable, they can take out TiAl from a sheath easily after hot forging. Even if 
these materials remain as it is after hot forging, they do not check the characteristic on [ TiAl ] an operating 
environment. When aluminum 2 0 3 is used, since the characteristic as a protective film for the anti-oxidation 
characteristic can be desired, it is useful. When an oxide or ceramics enclose TiAl with a sheath, they are 
[ being a sheet shaped or ] powdered, and may be inserted, but even if it forms uniformly on TiAl by various 
coating technique, such as a plasma metal spray and a sol gel process, they do not interfere. Also by 
reforming the TiAl itself, it is possible to form an oxide on the surface of TiAl. 
[0020] 
[Example] 

5 



JPH10-156473 

(Example 1) Plasma arc melting casts an ingot for 33.4 % of the weight of aluminum, 4.2 % of the weight of 
Cr(s), remainder Ti, and the compound between TiAl basic metal that consists of inevitable impurities as a 
raw material, and the high-temperature-deformation characteristic in order to improve, Structure control 
was performed with homoiothermal forging method by the temperature of 1200 **, and strain rate 5x10 "V 1 . 
The pillar material of the size of diameter 18 mm and height 22 mm was started as a test specimen from 
there, and it used for the examination. As a sheath material, Ti alloy (Ti~6aluminum-4V) and SUS304 was 
used. After inserting a sample in the sheath of pipe shape, the upper and lower sides were covered with the 
disc-like sheath, and it fixed with the pipe of the side by spot welding. After holding after heating to a 
predetermined temperature at the furnace of atmospheric air for 10 minutes, it forged of the conditions 
shown in Table 1. The working ratio at this time was set up to 70%. 
[Table 1] 

It investigates whether the defect and the crack have occurred about the compound between TiAl basic 
metal picked out from the sheath, and the result is shown in Table 1. When the temperature of the furnace 
as shown in the comparative example 1 forged of the low temperature below 900 **, it was the 
unwholesome thing included a defect and a crack fatal as a structural material. In the forging conditions of 
0.01 s~\ by cooling from a metallic mold, the sample got cold and, as for the internal compound between TiAl 
basic metal, the case where it wrapped and forges of Ta foil of 0.1 mm thickness, and the strain rate have 
broken. In the case where it forges without a sheath, surface oxidation was severe and broke in the middle 
of processing. 

[0021](Example 2) Hot forging was performed on the same conditions as Example 1 using the compound 
between TiAl basic metal and sheath which consist of 31 .5 % of the weight of aluminum, 1 1 .5 % of the weight 
of Nb(s), remainder Ti, and inevitable impurities as a raw material. Hot forging was performed in this example, 
using the sheet of aluminum 2 0 3 as reaction prevention material. The boundary part of the compound 
between TiAl basic metal and a sheath was cut after the forge, and it was evaluated whether the compound 
between TiAl basic metal could be exfoliated from a sheath. As a result, also on which forging conditions, 
after cutting, the internal compound between TiAl basic metal could be easily exfoliated from the sheath, 
and the healthy thing was obtained in the conditions of Example 1, without moreover a crack occurring. As a 
result of analyzing the surface about the obtained compound between TiAl basic metal, although 
aluminum 2 0 3 had adhered with a forge in part, diffusion of the metal atom from a sheath was not detected, 
but it was checked that it is a healthy forging. 
[0022] 

[Effect of the Invention]The hot-working method of the compound between TiAl basic metal by this 
invention carries out hot forging of the compound between TiAl basic metal under a predetermined 
temperature requirement and the strain rate range. Therefore, the processed goods of the complicated 
shape of the compound between TiAl basic metal can be obtained at the high rate of productivity, without a 
crack occurring. 



[Translation done.] 
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